A pproximAtely 1.6 million Americans will have a diagnosis of cancer in 2013, an annual incidence that has remained relatively unchanged for decades. 1 Owing to notable improvements in treatment regimens and diagnostic capabilities, cancer patients with advanced metastatic disease are surviving longer. One of the most frequent sites of metastasis is the spine, and these spinal metastases are a significant cause of high morbidity rates among cancer patients. About 10% of cancer patients will develop symptomatic spinal metastases, with 10% of these patients undergoing some form of surgical treatment. 2, 3, 24, 33, 35 Of note, 75% of spinal metastases typically result from 1 of 5 malignancies: lung, breast, prostate, renal, or thyroid carcinoma. Renal cell carcinoma (RCC) is a relatively uncommon but aggressive neoplastic disease that frequently metastasizes to other visceral organs, to local structures, and to the skeletal system. Approximately 65,000 new cases of kidney cancers-93% of which are RCC-were predicted to be diagnosed in the United States in 2013, with more AbbreviAtioNs RCC = renal cell carcinoma; SINS = Spinal Instability Neoplastic Score; TES = total en bloc spondylectomy. obJeCtive Renal cell carcinoma (RCC) frequently metastasizes to the spine, causing pain or neurological dysfunction, and is often resistant to standard therapies. Spinal surgery is frequently required, but may result in high morbidity rates. The authors sought to identify prognostic factors and determine clinical outcomes in patients undergoing surgery for RCC spinal metastases. MethoDs The authors searched the records of patients who had undergone spinal surgery for metastatic disease at a single institution during a 12-year period and retrieved data for 30 patients with metastatic RCC. The records were retrospectively reviewed for data on preoperative conditions, treatment, and survival. Statistical analyses (i.e., Kaplan-Meier survival analysis and log-rank test in univariate analysis) were performed with R version 2.15.2. resUlts The 30 patients (23 men and 7 women with a mean age of 57.6 years [range 29-79 years]) had in total 40 spinal surgeries for metastatic RCC. The indications for surgery included pain (70%) and weakness (30%). Fourteen patients (47%) had a Spinal Instability Neoplastic Score (SINS) indicating indeterminate or impending instability, and 6 patients (20%) had a SINS denoting instability. The median length of postoperative survival estimated with Kaplan-Meier analysis was 11.4 months. Younger age (p = 0.001) and disease control at the primary site (p = 0.005), were both significantly associated with improved survival. In contrast, visceral (p = 0.002) and osseous (p = 0.009) metastases, nonambulatory status (p = 0.001), and major comorbidities (p = 0.015) were all significantly associated with decreased survival. Postoperative Frankel grades were the same or had improved in 78% of patients. Major complications occurred in 9 patients, and there were 3 deaths (10%) during the 30-day in-hospital period. Three en bloc resections were performed. CoNClUsioNs Resection and fixation may provide pain relief and neurological stabilization in patients with spinal metastases arising from RCC, but surgical morbidity rates remain high. Younger patients with solitary spinal metastases, good neurological function, and limited major comorbidities may have longer survival and may benefit from aggressive intervention.
than 13,000 deaths from RCC. 1 Because of RCC's indolent nature, many patients already have metastatic lesions, including spinal metastases, when they initially present. Although RCC makes up only 2.5% of all cancers in adults, it is the fourth most common metastatic lesion in the spine after breast, lung, and prostate cancers. 16, 21 When osseous metastases are present, RCC typically has an aggressive course, resulting in limited expected survival (i.e., of only 12-22 months). 12, 22 However, there are reports of long overall survival in the setting of isolated RCC spinal metastases particularly with improved medical therapy. 20, 25, 27, 29, 30 Like other neoplastic diseases, RCC usually spreads to the spine through hematogenous dissemination or local invasion. Once metastatic disease is present, patients may have debilitating back or extremity pain from compression of the spinal cord or nerve roots; these patients also often have local inflammation and mechanical instability in the spine. Neurological deficits may also develop because of tumor growth into the vertebral canal or retropulsion of bone fragments as a result of pathological fractures due to the lytic nature of these metastatic lesions. Focused radiotherapy and chemotherapy may effectively treat pain that arises from tumor growth or inflammation, but these therapies cannot address mechanical instability or spinal cord compression from bony elements. Therefore, surgery remains necessary for many patients with metastatic spine lesions.
Research and development in recent decades have led to tremendous technical advancements in the treatment for spinal column disorders. New techniques and technologies have expanded the arsenal of the spine surgeon in the management of many conditions, including metastatic lesions. Several studies have demonstrated the benefits of surgery combined with systemic and adjuvant local therapies in alleviating pain and maintaining neurological function. 7, 11, 13, 19 Furthermore, some patients with RCC can be expected to have long, disease-free survival if their systemic disease burden is low and if aggressive resection is used. 27 Here, in an effort to identify prognostic factors for RCC survival, we present demographic and survival data on 30 patients who underwent 40 spinal operations for metastatic RCC at a single institution over a 12-year period.
Methods

Patient selection
We conducted a retrospective review of the records of all patients who underwent spinal surgery for metastatic disease at our institution from January 2000 to December 2011. The review yielded data on 30 patients in whom histopathological analysis had confirmed the presence of metastatic RCC. These patients had undergone a total of 40 spinal operations for metastatic RCC. Electronic medical records for these patients were reviewed, and data on patient demographics, preoperative neurological condition, functional status, primary disease location, systemic disease burden, other treatments, and intraoperative and postoperative events were collected. Collections of patient medical record data were conducted in accordance with our university's institutional review board.
surgical Procedures
Before surgery, all patients were examined with MRI of the spine to visualize the extent of tumor involvement in the vertebral column and spinal canal. A systemic search for visceral and other osseous metastases was performed and involved a multidisciplinary team. This survey included abdominal and renal sonographies, CT of the chest, abdomen, and pelvis, and, in some cases, nuclear scintigraphy or PET. Computed tomography or MRI of the brain was performed when clinically indicated.
Indications for surgery included severe back or extremity pain, neurological dysfunction, radiographic or clinical signs of spinal instability, and the need for tissue diagnosis in patients with spinal metastasis of unknown primary origin. The Spinal Instability Neoplastic Score (SINS) was calculated for each patient. The operative approach was determined by the primary operating surgeons and ranged from decompressive laminectomy to en bloc resection with negative margins via spondylectomy. Internal fixation and stabilization were performed in all but 1 patient. Patients who underwent an instrumented fusion in the absence of tumor-related spinal instability or of impending tumor-related instability underwent this fusion because of instability caused by the surgical approach. Preoperative arterial embolization was performed in 24 patients (80%). All patients were transferred to the intensive care unit immediately postoperatively for at least 1 day.
statistical Analysis
Kaplan-Meier estimates were calculated to determine median length of survival and the presence of any statistically significant factors affecting survival. Additional analyses were performed with the log-rank test for univariate analysis. Statistical analyses were performed with R version 2.15.2 (R Foundation for Statistical Computing).
results
Patient Characteristics
Thirty patients underwent a total of 40 spine operations for the treatment of RCC spinal metastases. There were 23 men (76.7%) and 7 women (23.3%), with a mean age of 57.6 years (range 29-79 years). The indications for surgery included intractable back pain or radiculopathy in 21 patients (70%), neurological dysfunction in 9 patients (30%), isolated metastasis in 21 patients (70%), and treatment failure diagnosed on routine imaging radiographs in 1 patient (3%). Preoperative treatments such as spinal radiotherapy combined with systemic chemotherapy were performed in 15 patients (50%) and immunotherapy in 12 patients (40%). Preoperative variables and patient characteristics are shown in Table 1 . Preoperative intraarterial particulate embolization was performed in 24 patients (80%) before initial tumor resection. The preoperative treatments did not significantly affect survival.
overall survival
Data on overall survival are shown in Fig. 1 . The median length of survival was 11.4 months after surgery (range 1 month to 9.9 years), and the 5-year survival rate, deter-mined with the Kaplan-Meier method, was 10%. Age at the time of surgery was a significant predictor of survival (p = 0.001), with younger patients having longer survival. Local disease control, that is, nephrectomy with no evidence of residual disease at the primary site, was also significantly associated with increased survival (p = 0.005). In contrast, visceral (p = 0.002) and other extraspinal osseous (p = 0.009) metastases were significant indicators for decreased survival, as were the inability to ambulate and the presence of neurological dysfunction (indicated by Frankel grades of A-D). Major preoperative comorbidities, including previous myocardial infarction, coronary artery bypass grafting, and concomitant malignancies (lymphoma and oropharyngeal squamous cell carcinoma), were present in 3 patients and were also associated with decreased survival (p = 0.015). None of the postoperative variables that were analyzed, including systemic chemotherapy, spinal radiotherapy, or local cancer recurrence, affected survival.
Most patients (70%) in this series had back or radicular pain, and some patients (30%) had neurological dysfunction (Table 1) . Among the 9 patients with neurological impairment, in 7 (78%) the condition had improved or was the same at the time of discharge from the hospital. The condition of 1 patient (11%) was worse, and 1 patient (11%) died from respiratory failure. Among the 21 patients with significant back or extremity pain, 17 patients (81%) had less pain postoperatively as measured by self-reported use of analgesics and by visual analog pain scale assessments.
surgical Procedures
The reported operative variables for each patient pertain to the initial surgery for spinal metastatic lesions, and subsequent surgeries were considered separately. The anatomical locations of the metastatic lesions were as follows: the cervical spine in 3 patients (10%), thoracic spine in 18 (60%), lumbar spine in 8 (27%), and sacral spine in 1 (3%).
The surgical approach was determined by the operating surgeons on the basis of imaging findings, patient disease status, and associated comorbidities. Focal instability as determined by the presence of mechanical spine pain on presentation, movement on dynamic radiographs, or evidence of 2-column instability (i.e., kyphosis of > 20° or vertebral body height loss > 50%) were also indications for surgical intervention (Fig. 2 ). Patients having multiple consecutive levels of metastatic disease were also considered for a surgical intervention, as the spines in these patients have a higher propensity for focal instability. Instability was retrospectively verified with SINS criteria, and 14 patients (47%) had a SINS denoting indeterminate or impending instability, and 6 (20%) had a SINS denoting instability.
Internal fixation consisting of pedicle screws, rods, intervertebral cages, and anterior plates was performed as needed in all but 1 patient. An anterior approach alone was used in 6 patients (20%), a posterior-only approach in 15 patients (50%), and combined anteroposterior approach in 9 patients (30%). Of the combined anteroposterior surgeries, 6 (67%) were performed in a staged fashion. Circumferential decompression, through either a solely posterior or a combined anteroposterior approach, was performed in 21 patients (70%). Three patients (10%) underwent en bloc resection. The mean estimated blood loss was 3066 ± 2785 ml, with an average of 8.3 blood or platelet transfusions over the course of each individual patient's hospital stay. The operative approach did not affect survival, although en bloc resection with negative margins did show a trend toward improved survival outcomes (p = 0.051), likely reflecting selection bias because these patients had solitary metastases. However, 2 of these patients were alive at the time of this writing, and future analysis might show statistically significantly improved survival in patients treated with en bloc resection. The mean age of patients undergoing en bloc resection (54.3 years) did not significantly differ from that of the other patients in the current study (57.9 years) (p = 0.6). Eight patients underwent multiple surgical procedures. Two of these patients had additional surgery for instrumentation failure and spinal deformity or pain without local tumor recurrence. Five patients undergoing repeat surgery had local tumor recurrence in the spine requiring reoperation 1-36 months (mean 14.6 months) after the initial surgery. One patient had tumor recurrence at a distant site in the spine, and this recurrence was managed with surgical decompression and stabilization.
Complications
All adverse events that occurred within 30 days after surgery were considered early complications. Major complications were defined as those that required additional surgery, increased the length of hospital stay, or were potentially life threatening. Minor complications were defined as those that did not substantially change the clinical course of events nor increased the length of hospital stay. The perioperative complications are shown in Table  2 . Major complications occurred in 9 patients (30%) and included respiratory failure requiring reintubation, septic shock and multiple system organ failure, hospital-acquired pneumonia, rapid tumor growth leading to further neurological impairment, venous thrombosis requiring anticoagulation, pulmonary embolus, hyponatremia and delirium, and wound infection and dehiscence. Minor complications were noted in 3 patients (10%) and included urinary tract infection, ileus, and upper-extremity venous thrombosis not requiring anticoagulation.
The median length of hospital stay, not including rehabilitation, was 8.5 days (range 5-54 days). The 30-day in-hospital mortality rate was 10% (3 patients). These early deaths were attributed to septic shock and multiple system organ failure, pulmonary embolism, or respiratory failure. The mean age of the patients who died within 30 days postoperatively was 70.7 years (p = 0.09); 2 of these patients had significant neurological dysfunction, with a preoperative Frankel grade of C, and the third patient had a Frankel grade of E with severe back pain.
Discussion
Metastatic disease of the vertebral column is a complex clinical problem, often requiring multiple treatment modalities, including surgery, conventional radiotherapy, stereotactic radiosurgery, chemo-and immunotherapy, and pain management. Patients with RCC frequently present with metastatic spinal lesions that may cause pain and neurological dysfunction, symptoms that were present in 21 (70%) and 9 (30%) of our patients, respectively. Historically, the role of surgery was limited in the treatment of spinal metastases. Surgeons offered decompressive laminectomy in an attempt to salvage neurological function, whereas other patients underwent chemo-and radiotherapy. Several studies in the 1950s and 1960s actually showed that patients did worse with posterior decompressive surgery than with chemo-and radiotherapy alone. 36 Therefore, surgery was largely abandoned as a primary and sole treatment for metastases of the vertebral column. Separately, checkpoint blockade, such as targeting PD-1/ PD-L1 or CTLA-4 pathways, has shown efficacy in clinical trials with acceptable safety profiles. 17 In the future, targeted therapeutics and immunomodulatory therapeutics have the potential to significantly improve the clinical outcomes for patients with metastatic RCC as well as with other solid malignancies. 17 The first-line treatment for metastatic RCC includes chemotherapy and radiotherapy. However, in only a few patients with RCC, tumors exhibit complete or total response to chemotherapy or immunotherapy. 4, 14, 15 Therefore, most patients with RCC metastases are treated with conventional radiotherapy, even though RCC is relatively radioresistant. 9, 26 Recent investigations into the role of stereotactic radiosurgery for RCC metastases have reported efficacy in reducing pain and providing local tumor control, but the impact of radiosurgery on patient survival is unclear. 5, 23, 28 Furthermore, radiotherapy provides little benefit if the spinal cord is compressed by bone fragments resulting from pathological fracture. For these reasons, surgery has increasingly become a necessity in patients with RCC spinal metastases.
With the advent of new technologies for spinal fixation and vertebral column reconstruction, including pedicle screws and rods, expandable cages, anterior plating systems, and synthetic grafts, surgeons were able to offer more definitive decompression and stabilization procedures. When these newer techniques were applied, outcomes in surgical patients began to improve. Systematic reviews have reported improved outcomes over time as more surgeons employed techniques that could provide circumferential decompression and vertebral column reconstruction. 34 In 2005, Patchell and colleagues reported the results from their landmark clinical trial of patients with spinal metastases managed with surgery and radiotherapy versus radiotherapy alone. 18 This randomized-controlled multicenter trial sought to ascertain whether surgery was beneficial in the treatment of spinal metastases. Patients older than 18 years were eligible for inclusion in the study if they had evidence of a single area of metastatic spinal cord compression, at least 1 neurological symptom (including pain), were not completely paraplegic within 48 hours of presentation, and could receive the radiation dosage in the treatment. Patients with highly radiosensitive tumors (lymphoma, myeloma, leukemia, or germ-cell tumors) were excluded from that study. Its results indicated that surgery combined with radiotherapy is superior to radiotherapy alone. Patients who received surgery were more likely to be able to walk (84% vs 57%, p = 0.001) and could maintain ambulation longer (122 days vs 13 days, p = 0.003) after treatment. The surgery plus radiotherapy patients also had significantly improved Frankel scores, American Spinal Injury Association scores, and bladder function. In addition, these patients had modestly improved survival (126 days vs 100 days, p = 0.033). The study by Patchell et al., which included 11 patients with RCC, helped to confirm the beneficial role of surgery in the management of spinal metastases from RCC.
In studies of patients with spinal metastases, both solitary and multiple, due to RCC, the reported length of survival has been on par with that among patients with other invasive neoplastic diseases. Sundaresan et al., studying 32 patients with metastatic RCC who were treated surgically, reported a median survival of 13 months and an improvement in pain and neurological symptoms in 78% and 70% of patients, respectively. 26 Results by King et al. indicated a worse median survival of only 8 months, albeit with similar improvements (88% and 60%) in pain and neurological symptoms. 13 Giehl and Kluba also reported a relatively short median survival of 10 months, with 100% improvement in pain. 7 Jackson et al. reported results from a cohort of 79 patients who underwent 107 operations for RCC spinal metastases. 11 In this study, the median length of survival was 11.4 months, and most patients also had improvement in pain (89% of patients) and neurological function (65%).
More recent studies have reported modest improvement in survival among patients with RCC-derived spinal metastases. Ulmar et al. 31 reported a median length of survival of 13.6 months in 37 of such patients, and Quraishi et al. 19 noted a median survival of 14.1 months in 25 patients. Tatsui et al. have studied the largest patient cohort to date, consisting of 267 patients who underwent surgical treatment for RCC spinal metastases. 27 These authors reported a 5-year overall survival after resection of RCC spinal metastases of 7.8%, with a median length of overall survival of 11.3 months. The authors also noted that patients with a Fuhrman Grade 4 RCC, preoperative neurological deficits, or additional extraspinal metastases had a statistically significantly shorter survival than did patients without these factors. In the present study, the median survival after surgery was 11.4 months, and we found that the surgery alleviated pain and neurological dysfunction in 81% and 78% of patients, respectively. Most patients, even those with relatively advanced disease, reported less pain and preserved, if not improved, neurological function after the surgery. Similar to the findings in the study by Tatsui et al., extraspinal metastases and presence of preoperative neurological dysfunction were both significantly associated with lower survival. However, some patients with spinal metastases of RCC can have extended survival and may benefit from more aggressive surgery with the goal of minimizing local recurrence.
Radical surgical treatment, that is, total en bloc spondylectomy (TES) with margin excision, may have an especially pivotal role in selected patients with spinal metastases from RCC. Three patients in our study who underwent TES had a mean survival of 59.4 months, which likely reflected their oligometastatic presentation, a condition associated with better survival. Several authors have previously reported long-term disease-free survival in patients harboring solitary spine metastases of RCC with no other evidence of visceral or primary disease. Tomita et al. reported on the first series of patients who underwent extracapsular TES for the management of spinal metastases. 29, 30 Four of the patients in these studies were treated for metastatic RCC, and all 4 were alive at the time of publication (mean survival 15.5 months, range 6-32 months). Sakaura et al., studying outcomes for patients who underwent TES for solitary spinal metastases-3 of whom were treated for RCC-derived metastases-also reported excellent long-term survival among these patients (mean survival 46.7 months, range 16-60 months). 20 Sundaresan et al., reporting their results of patients treated with TES for solitary metastases (13 of whom with RCC metastases), noted that survival after TES was also encouraging (median length of survival 36 months and 5-year survival 38%). 25 In all of these studies, patients with solitary metastases of RCC had longer disease-free and overall survival than patients with many other common metastases. These findings highlight the potential of surgery to provide long-term disease-free survival in a select group of patients, especially those with solitary metastases of RCC.
Although radical surgical interventions can increase the likelihood of disease-free survival, the benefits of these surgeries must be weighed against the risk for increased perioperative morbidity and mortality rates, as is the case with any complex spinal surgery. Complication rates in the aforementioned surgery studies ranged from 16% to 65%. 7, 11, 13, 19, 26, 32 The rate of major complications in the present series was 30%, and these complications included respiratory failure requiring reintubation, septic shock and multiple system organ failure, hospital-acquired pneumonia, rapid tumor growth leading to further neurological compromise, venous thrombosis requiring anticoagulation, pulmonary embolus, hyponatremia and delirium, and wound infection and dehiscence. Most complications following surgery for RCC-derived spinal metastases are related to thromboembolic events or to infectious complications such as pneumonia, urinary tract infection, or wound breakdown.
Several patients in the previous studies and 2 patients in the present study underwent reintubation for respiratory failure during the postoperative period. Although many factors may contribute to respiratory failure, patients with RCC may be especially prone to developing this and other complications in the immediate postoperative period. The reason for this increased risk in these patients is that RCC metastases are usually highly vascular, resulting in high blood loss intraoperatively. The massive fluid shifts that ensue from this excessive blood loss and also from resuscitation and blood product transfusion can contribute to pulmonary edema and pneumonia, delayed mobility, skin breakdown, and other complications. Hence, many surgeons recommend preoperative arterial angiography and embolization to limit intraoperative blood loss. Preoperative spinal radiation can also predispose patients to wound complications. 6 Therefore, radiotherapy should be delayed until at least 1 week after surgery if possible. 10 Factors associated with improved survival in the current study included a younger patient age, preoperative ability to ambulate, no major medical comorbidities, disease control at the primary site, and an absence of visceral and extraspinal bony metastases. In contrast, Ulmar et al. reported no significant relationship between survival and patient age or presence of extraspinal bony and visceral metastases. 31 However, it stands to reason that patients with a higher burden of systemic disease, that is, those with visceral and other bony metastases, would have shorter survival. Furthermore, younger patients may have improved survival due to better overall health and possibly earlier presentation of the disease. Our findings further underscore the importance of patient selection when considering surgical intervention for spinal metastases of RCC.
There are several limitations to our current study that include the retrospective data collection and the biases inherent to studies of this design. Also, the relatively small sample size, heterogeneous patient cohort, and lack of a comparison with a medical management-only group could further limit the conclusions from this study.
Conclusions
Renal cell carcinoma is an aggressive malignant disease that frequently metastasizes to the spine. In only a few patients does the disease respond adequately to systemic chemotherapy, immunotherapy, or radiotherapy. Therefore, many patients with RCC spinal metastases undergo surgery for intractable pain or for neurological dysfunction from epidural spinal cord compression. The goals of surgery are thereby generally palliative, to decrease pain and preserve neurological function. Although the length of overall survival has not markedly changed for patients with RCC and spinal metastases, certain patients, that is, those with solitary metastases and low systemic disease burden, may benefit from aggressive surgical intervention. Longer survival may be observed in patients who are younger, are able to walk, have no major medical comorbidities, and have disease control at the primary site with no visceral or extraspinal bone metastases. However, the perioperative surgical complication rate remains high, and judicious patient selection should be pursued in an effort to minimize complications and maximize the benefits of surgery.
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